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(54) Method of removing hot corrosion products from a diffusion alumlnide coating 



(57) A method of removing hot corrosion products 
from the surface of a component exposed to corrosive 
cpndltions at elevated temperatures, as is the case with 
turbine, combustor or augmentor components of gas 
turbine engines. The method is particuiarly suited for the 
removal of hot corrosion products from components pro- 
tected with a diffusion aluminide coating, either as an 
environmental coating or as a bond coat for a thermal 
barrier coating (TBC). The processing steps of the meth- 



od include immersing the component in a heated liquid 
solution containing acetic acid, and then agitating the 
surfaces of the component while the component re- 
mains immersed in the solution. In this manner, hot cor- 
rosion products on the surfaces of the component are 
removed without damaging or removing the diffusion 
aluminide coating. As a result, regions of the component 
from which the hot corrosion products were removed 
can then be repaired by a suitable aiuminizing process. 
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Description 

[0001] This invention relates to methods for repairing 
gas turbine engine components protected by diffusion 
aluminide coatings. More particularly, this invention is 
directed to a process by which hot corrosion products 
are removed from a diffusion aluminide coating without 
damaging the coating, and therefore enables the coat- 
ing to be rejuvenated instead of being completely re- 
moved and replaced. 

[0002] The operating environment within a gas tur- 
bine engine is both thermally and chemically hostile. 
Significant advances in high temperature alloys have 
been achieved through the formulation of iron, nickel 
and cobalt-base superalloys, though components 
formed from such alloys often cannot withstand long 
service exposures if located in certain sections of a gas 
turbine engine, such as the turbine, combustor and aug- 
mentor. A common solution is to protect the surfaces of 
such components with an environmental coating, i.e., a 
coating that is resistant to oxidation and hot corrosion. 
Coatings that have found wide use for this purpose in- 
clude diffusion aluminide coatings and overlay coatings 
such as MCrAlY (where M is iron, nickel and/or cobalt), 
which may be overcoated with a diffused aluminide 
coating. During high temperature exposure in air, these 
coatings form a protective aluminum oxide (alumina) 
scale that inhibits oxidation of the coating and the un- 
derlying substrate. Diffusion aluminide coatings are par- 
ticularly useful for providing environmental protection to 
components equipped with internal cooling passages, 
such as high pressure turbine blades, because alumi- 
nides are able to provide environmental protection with- 
out significantly reducing the cross-sections of the cool- 
ing passages. As known in the art, diffusion aluminide 
coatings are the result of a reaction with an aluminum- 
containing composition at the component surface. The 
reaction forms two distinct zones, an outermost of which 
is tenned an additive layer that contains the environ- 
mentally-resistant intermetallic phase MA1 , where M is 
iron, nickel or cobalt, depending on the substrate mate- 
rial. Beneath the additive layer is a diffusion zone con- 
taining various intermetallic and metastable phases that 
form during the coating reaction as a result of diffusional 
gradients and changes in elemental solubility in the local 
region of the substrate. 

[0003] Hot corrosion of gas turt)ine engine compo- 
nents generally occurs when sulfur and sodium react 
during combustion to form sodium sulfate (Na2S04), 
which condenses on and subsequently attacks the com- 
ponents' surfaces. Sources of sulfur and sodium for hot 
corrosion reactions include impurities In the fuel being 
combusted as well as the intake of sodium laden dust 
and/or ingestion of sea salt. In the latter situation, hot 
corrosion typically occurs on hot section turbine blades 
and vanes under conditions where salt deposits on the 
component surface as a solid or liquid. The salt deposits 
can break down the protective alumina scale on the alu- 



minide coating, resulting in rapid attack of the coating. 
Hot corrosion produces a loosely adherent external 
scale with various interna! oxides and sulfides penetrat- 
ing below the external scale. These products are gen- 

5 erally sulfur and sodium compounds with elements 
present in the alloy and possibly other elements from 
the environment, such as calcium, magnesium, chlo- 
rine, etc. As such, hot corrosion products are distin- 
guishable from oxides that normally form or are depos- 

10 ited on gas turbine engine components as a result of the 
oxidizing environment to which they are exposed. 
[0004] Traditionally, aluminide coatings have been 
completely removed to allow component repair by weld- 
ing or brazing or to replace damaged coating, after 

15 which a new aluminide coating is applied by any suitable 
aluminizing process. Any hot corrosion products 
present in the coating are removed with the coating. A 
disadvantage of completely removing an aluminide 
coating from a gas turbine engine component is that a 

20 portion of the substrate metal is removed with the coat- 
ing, which significantly shortens the useful life of the 
component. As a result, new repair technologies have 
been proposed by which diffusion aluminide coatings 
are not removed, but instead are rejuvenated to restore 

25 the aluminide coating and the environmental protection 
provided by such coatings. However, coating rejuvena- 
tion technologies for turbine blade and vane repair can- 
not be performed in the presence of hot corrosion prod- 
ucts, since any remaining hot corrosion products would 

30 result in attack of the rejuvenated coating upon expo- 
sure to engine temperatures. Because hot corrosion 
products have required removal by abrasive grit blast- 
ing, rejuvenation technologies have been limited to 
components that have not been attacked by hot corro- 

35 slon. 

[0005] From the above, it can be appreciated that, in 
order to successfully implement a rejuvenation program 
for turbine engine components having diffusion alumi- 
nide coatings that are exposed to sea salt and other 

40 sources of sulfur and sodium, hot corrosion products 
must be removed without damaging the aluminide coat- 
ings. Treatments with caustic solutions in autoclaves 
have been successfully used to remove oxides of alu- 
minum and nickel from components, but such treat- 

45 ments have not been successful at removing hot con-o- 
sion products for the apparent reason that the more 
complex hot corrosion products are not soluble in caus- 
tic solutions. Accordingly, the prior art lacks a process 
by which hot corrosion products can be completely re- 

50 moved without damaging or removing a diffusion alumi- 
nide coating. 

[0006] The present invention provides a method suit- 
able for removing hot corrosion products from the sur- 
face of a component exposed to salt solutions and other 
55 sources of sodium and sulfur at extremely high temper- 
atures, as is the case with turbine, combustor or aug- 
mentor components of gas turbine engines. The method 
is particularly suited for the removal of hot corrosion 
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prcxiucts from components protected with a diffusion 
aluminide coating, either as an environmental coating 
or as a bond coat for a thennal barrier coating (TBC). 
[0007] The processing steps of a particular embodi- 
ment of this invention generally include conditioning or 
activating the surface to be cleaned by processing 
through caustic autoclave and/or grit blasting opera- 
tions, Immersing the component in a heated liquid solu- 
tion containing acetic acid, and then agitating the sur- 
faces of the component while the component remains 
immersed in the solution. In this manner, it has been de- 
termined that hot corrosion products on the surfaces of 
the component are removed without damaging or re- 
moving the diffusion aluminide coating. As a result, re- 
gions of the component from which the hot corrosion 
products were removed can then be repaired by a suit- 
able rejuvenating process. If desired, the component 
can be pretreated by autoclaving with a caustic solution 
to remove oxides from the surface of the component. 
Such an autoclaving treatment can be followed by water 
jet stripping to remove a TBC (if any) adhered to the 
component with the aluminide coating. 
[0008] Weak acetic acid solutions such as white vin- 
egar have been unexpectedly found to remove hot cor- 
rosion products if used at certain temperatures and sup- 
plemented with sufficient agitation following a surface 
conditioning or activation step. Advantageously, such 
weak acetic acid solutions have been found not to attack 
aluminide coatings, permitting rejuvenation of an alumi- 
nide coating instead of complete removal of the coating 
and then application of a new coating. Another advan- 
tage of this invention is that acetic acid does not foul 
wastewater treatment facilities, and can be disposed of 
without concern for exceeding allowable levels for metal 
ion concentrations in wastewater. Accordingly, the treat- 
ment of this invention is environmentally friendly. 
[0009] Other objects and advantages of this invention 
will be better appreciated from the following detailed de- 
scription. 

[001 0] One embodiment of the present invention pro- 
vides an uncomplicated and environmentally safe meth- 
od for removing hot con-osion products contained within 
aluminide coatings on the surfaces of gas turbine engine 
components subjected at high temperatures to sources 
of sodium and sulfur, including fuels, dust and sea water. 
Notable examples of such components include the high 
and low pressure turbine nozzles and blades, shrouds, 
combustor liners and augmentor hardware of gas tur- 
bine engines. Of particular interest to the invention are 
gas turbine engine components protected with a diffu- 
sion aluminide coating or a MCrAlY coating overcoated 
with a diffused aluminide coating, which may or may not 
be accompanied by a ceramic topcoat as a TBC. While 
the advantages of this invention will be described with 
reference to gas turbine engine components, the inven- 
tion is generally applicable to any component having an 
aluminized surface that would benefit from being reju- 
venated without removal of the existing aluminide coat- 



ing. 

[001 1 ] The method of this invention entails treating an 
aluminized surface attacked by hot corrosion with a 
weak acetic acid solution, an example of which is white 

5 vinegar typically containing about 4 to 8 weight percent 
acetic acid. While copending and commonly-assigned 
U. S. Patent Application Serial No. 09/009,236 to Bow- 
den discloses that vinegar has been found to remove 
dirt and silica and calcium-based compounds from gas 

10 turbine engine components, the ability of vinegar and 
other weak acetic acid solutions to remove complex hot 
corrosion products chemically bonded to an aluminide 
coating was unknown and unexpected. According to this 
invention, a weak acetic acid solution in combination 

15 with a suitable surface pretreatment has been surpris- 
ingly determined to completely remove hot corrosion 
products without damaging or removing those portions 
of the coating that have not been attacked by hot corro- 
sion. While vinegar is generally preferred as the treat- 

20 ment solution of this invention due to availability and 
cost, it is foreseeable that stronger and weaker acetic 
acid solutions derived by other methods could be used. 
[001 2] The process of this invention preferably entails 
processing a component through a suitable surface pre- 

25 treatment, immersing the component in an acetic acid 
solution at about 150°F to about ITS^'F (about 66°C to 
about 79°C), though temperatures between about 
120°F and 200°F (about 49X and about 93°C) are be- 
lieved to be suitable. While different solution strengths 

30 are possible, preferred acetic acid concentrations for the 
solution are about 4% to about 5%. Complete immersion 
of the component ensures that all surfaces, including 
any Intemal surfaces such as those formed by cooling 
passages, are contacted by the solution. The surfaces 

35 of the component are then agitated, such as by ultra- 
sonic energy, to dislodge the hot corrosion products 
from the component surfaces. Suitable parameters for 
an ultrasonic cleaning operation can be readily ascer- 
tainable by those skilled in the art, with shorter durations 

40 being possible when the component is subjected to 
higher ultrasonic energy levels. Generally, a two-hour 
duration using a commercially-available ultrasonic 
cleaner has been found to be sufficient to remove a ma- 
jority of the hot corrosion products chemically bonded 

45 to an aluminide coating. A preferred treatment is about 
two to about four hours to ensure complete removal of 
hot corrosion products. Following ultrasonic cleaning, 
the component is rinsed with water or another suitable 
rinse to remove the acetic acid solution from the intemal 

50 and external surfaces of the component. The compo- 
nent is then ready for rejuvenation of its aluminide coat- 
ing by any suitable aluminizing process. During rejuve- 
nation, diffusion aluminide is redeposited on those re- 
gions from which hot corrosion products were removed. 

55 Prior to rejuvenation, these regions are characterized 
by the absence of the additive layer of the original alu- 
minide coating, though the diffusion zone remains. 
[0013] The Investigation leading to this Invention in* 
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volved the treatment of high pressure turbine blades 
protected with diffusion aluminide environmental coat- 
ings that had been attacked by hot corrosion, which ap- 
peared as a biue-gray coloration on the surfaces of the 
blades. Each blade was first pretreated by autoclaving 
at between 150°C and 250°C and a pressure of be- 
tween 100 and 3000 psi (about 0.7 to about 21 MPa) 
with a caustic solution containing sodium hydroxide. 
While autoclaving successfully dissolved engine oxides 
from the blades, hot corrosion products remained firmly 
adhered to the aluminide coatings, particularly on the 
concave surfaces of the blades. The turbine blades 
were then immersed tip-down in a container of undiluted 
white vinegar at a temperature of about 65°C (about 
150'=*F). The container and blades were then subjected 
to ultrasonic agitation for a total of two hours, after which 
the blades were rinsed with tap water. 
[001 4] After the above treatment, and without any ad- 
ditional processing (e.g., grit blasting or tumbling), it was 
observed that the blue-gray colored hot corrosion prod- 
uct had been completely removed from two of the three 
blades. The hot corrosion product was completely re- 
moved from the third blade by light grit blasting that did 
not damage the aluminide coating on the blade surface. 
Metallurgical examination of the blades showed that the 
heated vinegar solution had reacted with and complete- 
ly removed the corrosion product, which had been 
present in the additive layer of the coating. Importantly, 
the vinegar solution did not attack those uncorroded re- 
gions of the coating immediately adjacent those regions 
from which hot corrosion products were removed. As a 
result, the blades were in condition for rejuvenation of 
their aluminide coatings. 

[001 5] Following the success of the above results, ad- 
ditional testing was pertormed on a second group of high 
pressure turbine blades whose diffusion aluminide en- 
vironmental coatings had been similarly attacked by hot 
corrosion. Instead of an autoclave pretreatment, each 
blade was first pretreated by grit blasting to clean the 
surfaces of the blades. These blades were also im- 
mersed tip-down in a container of undiluted white vine- 
gar at a temperature of about es^'C (about 1 50°F), sub- 
jected to ultrasonic agitation for a total of two hours, and 
then rinsed with tap water. Inspection of the blades after 
rinsing showed that the hot corrosion product had been 
completely removed from all of the blades. 
[0016] From the above results, it was concluded that 
vinegar and other weak acetic acid solutions can be 
used to clean and remove hot corrosion products and 
oxides from aluminized surfaces without damaging the 
aluminide coating. It was further concluded that treat- 
ment with the weak acetic acid solution Is best carried 
out with a caustic autoclave process or grit blasting as 
a surface conditioning or activation pretreatment to en- 
hance the removal of oxides of the type that form as a 
result of the oxidizing operating environment within a 
gas turtDine engine. Suitable autoclaving conditions are 
believed to include the use of sodium hydroxide as the 



caustic solution using conventional autoclaving pres- 
sures and temperatures. In addition, it was concluded 
that the acetic acid treatment of this invention can be 
used in conjunction with caustic autoclave stripping to 

5 first remove a ceramic TBC on a diffusion aluminide 
coating (in which case, the coating serves as a bond 
coat for the TBC), and then remove hot corrosion prod- 
ucts from the exposed aluminide coating. This latter pro- 
cedure can also include water, jet stripping the TBC in 

10 accordance with U.S. Patent Application Serial No. (At- 
torneys' Docket No. 1 3DV-1 2550). which is incorporated 
herein by reference. 

[0017] While the invention has been described in 
terms of a preferred embodiment, it is apparent that oth- 
15 er forms could be adopted by one skilled in the art. For 
example, suitable acetic acid solutions could contain 
other constituents, both inert and active. 



20 Claims 

1 . A method for removing hot corrosion products from 
the surface of a gas turbine engine component pro- 
tected by a diffusion aluminide coating, the method 
25 comprising the steps of: 

immersing the component in a liquid solution 
containing acetic acid; and then 
agitating the surface of the component while 
30 immersed in the solution so that the hot corro- 

sion products on the surface of the component 
are removed without damaging or removing the 
diffusion aluminide coating. 

35 2. A method as recited in claim 1 , further comprising 
the step of aluminizing the surface of the compo- 
nent to repair regions of the surface from which the 
hot corrosion products were removed. 

40 3. A method as recited in claim 2, further comprising 
the step of rinsing the solution from the surface of 
the component prior to the aluminizing step. 

4. A method as recited in any preceding claim, where- 
as in the component is immersed in the solution for at 

least two hours. 

5. A method as recited in any preceding claim, where- 
in the solution is maintained at about 1 50°F to about 

50 1 75°F during the agitation step. 

6. A method as recited in any preceding claim, where- 
in the agitation step is performed by subjecting the 
component to ultrasonic energy. 

55 

7. A method as recited in any preceding claim, further 
comprising the step of, prior to the immersion step, 
subjecting the component to a caustic solution at a 



4 



7 EP 1 013 797 A1 

pressure of about 100 psi to about 3000 psi and at 
a temperature of about 1 50®C to about 250®C to re- 
move oxides from the surface of the component. 

8. A method as recited in claim 7, wherein a ceramic s 
coating overlies the diffusion aluminide coating on 
the surface of the component, the method further 
comprising the step of, following the step of subject- 
ing the component to the caustic solution but prior 

to the immersion step, subjecting the component to io 
water jet stripping to remove the ceramic coating 
from the component. 

9. A method as recited in any preceding claim, further 
comprising the step of, prior to the immersion step, 
grit blasting the surface of the component. 

10. A method as recited in any preceding claim, where- 
in, all hot corrosion products on the surface of the 
component are removed during the agitation step. 20 

11. A method as recited in any preceding claim, where- 
in the component is a turbine blade. 

25 
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